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SUMMARY SHEET
Total Maximum Daily Load (TMDL)
North Buffalo Creek at and above Summit Avenue

1. 303(D) List Information

State: North Carolina

County: Guilford

River Basin: Cape Fear River Basin

Watershed: Upper North Buffalo Creek

303(d) Listed Waters:

Name of Stream Description Class Index # 8 Digit CU Miles
North Buffalo Creek | From source to above WWTP | CNSW | 16-11-14-1a 03030002 8.7
NC DWQ Subbasin: 03-06-02

8 Digit Cataloging Unit: 03030002

Area of Impairment: 8.7 miles

WQS Violated: Fecal Coliform

Pollutant of Concern: Fecal Coliform

Sources of Impairment: Point and nonpoint sources within the watershed

2. Public Notice Information

Form of Public Notification: A TMDL stakeholder group was formed to provide
guidance and comment throughout the TMDL development process. The stakeholder
group was comprised of public and private sector resource professionals potentially
affected by the TMDL and/or having a general interest in water quality protection. Five
formal stakeholder meetings were held over the course of the TMDL development
process. [Additional public notification efforts will include an advertisement in the local
newspaper, etc.]

Did notification contain specific mention of TMDL proposal?
Were comments received from the public?

Was a responsiveness summary prepared?
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3. TMDL Information

Critical condition: Highest predicted instream fecal coliform concentrations occur
during wet weather periods preceded by a period of dry weather. The period of highest
risk to public health is during dry weather periods in the summer when recreational use of
the waters is greatest and human sources of bacterial contamination dominate watershed
loads.

Seasonality: A continuous simulation model during the period August 1998 through
August 2001 (period of record for stream flow gage data and precipitation data in the

watershed) includes seasonal fluctuations in fecal coliform loading.

Development tools: WinHSPF version 2.0.6

4. TMDLs

Loading allowed at critical conditions reflective of both wet and dry weather
conditions:

Wasteload Allocation (WLA): 2.73E+11 counts/day

Load Allocation (LA): 1.25E+12 counts/day

Margin of Safety (MOS): More stringent geometric mean target of 180 counts/100mL,
as opposed to the 200 counts/100mL WQS; conservative
modeling assumptions.

TMDL (WLA+LA+MOS): 1.52E+12 counts/day

TMDL Component
(wet and dry weather conditions)

MS4

Wasteload Allocation (WLA) (NCS000248) 1 96%
Load Allocation (LA) Nonpoint Sources ° 93%
Wasteload Allocation (WLA) Cone Mills WWTP N/A

(NC0000876 ) °

Notes:

1 MS4 = Municipal Separate Storm Sewer System. This allocation category covers individual sources contributing
fecal coliform loads which are transported to the receiving stream via the City of Greensboro’s NPDES permitted
stormwater conveyance system.

2  This allocation category covers individual sources whose loads are delivered to the receiving stream via modes not
associated with the MS4.

3  The Cone Mills WWTP ceased discharging treated industrial/domestic wastewater into North Buffalo Creek during
the latter portion of the TMDL simulation period, therefore a load reduction is not applicable.

TMDL Allocation Category | Fecal Coliform Load Reductions
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Loading allowed at critical conditions during dry weather conditions:

Wasteload Allocation (WLA): 1.98E+10 counts/day
Load Allocation (LA): 1.10E+11 counts/day
Margin of Safety (MOS): More stringent geometric mean target of 180 counts/100mL,
as opposed to the 200 counts/100mL WQS; conservative
modeling assumptions.
TMDL (WLA+LA+MOS): 1.30E+11 counts/day

TMDL Component
(dry weather conditions)

TMDL Allocation Category

Fecal Coliform Load Reductions

Wasteload Allocation (WLA) (NCSIEJAOSO42 48) 1 72%
Load Allocation (LA) Nonpoint Sources ° 70%
Wasteload Allocation (WLA) Cone Mills WWTP N/A

(NC0000876 ) °

Notes:

1 MS4 = Municipal Separate Storm Sewer System. This allocation category covers individual sources contributing
fecal coliform loads which are transported to the receiving stream via the City of Greensboro’s NPDES permitted

stormwater conveyance system.

2  This allocation category covers individual sources whose loads are delivered to the receiving stream via modes not

associated with the MS4.

3  The Cone Mills WWTP ceased discharging treated industrial/domestic wastewater into North Buffalo Creek during
the latter portion of the TMDL simulation period, therefore a load reduction is not applicable.
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BIMS NC Basinwide Information Management System
BMP Best Management Practices

CFS Cubic Feet per Second

CFU Colony Forming Units

DA Drainage Area

DEM Digital Elevation Model

DMR Discharge Monitoring Report

DENR NC Department of Environment and Natural Resources
DWM Dynamic Watershed Management System — City of Greensboro
DWQ NC Division of Water Quality

EPA US Environmental Protection Agency

FC Fecal Coliform

GIS Geographic Information System

GPS Global Positioning System

GSO City of Greensboro

&I Infiltration and Inflow

IR Infrared

LA Load Allocation

LULC Land use/land cover

MF Membrane Filter

MGD Million Gallons per Day

mL Milliliter

MOS Margin of Safety

MPN Most Probable Number

MS4 Municipal Separate Storm Sewer System
NPDES National Pollutant Discharge Elimination System
NRCS Natural Resources Conservation Service

PTCOG Piedmont Triad Council of Governments

WRF Water Reclamation Facility

SMD City of Greensboro Stormwater Management Division
TMDL Total Maximum Daily Load

USGS United States Geological Survey

WinHSPF Windows version of Hydrological Simulation Program - FORTRAN
WLA Waste Load Allocation

WQS Water Quality Standard

WWTP Wastewater Treatment Plant
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EXECUTIVE SUMMARY

The City of Greensboro’s Department of Water Resources, in partnership with the NC
Division of Water Quality (DWQ) and local stakeholders, have developed a fecal
coliform Total Maximum Daily Load (TMDL) for the upper North Buffalo Creek
watershed. A TMDL is an estimate of the » ; :
maximum amount of pollutant load, e.g.
fecal coliform, which a waterbody can
receive and still maintain water quality
standards.

The TMDL is designed to provide an
objective analysis of potential sources of
bacteriological contamination within the
watershed, as well as the predicted impact
these sources have on water quality under
a variety of weather and stream flow
conditions. This information is intended to

., K Children enjoying a cool stream on a warm day. This
enhance the City’s ongoing efforts to tributary to North Buffalo Creek runs through Fisher

. : : Park, and is frequently used for recreation, especially
1mprove Instream  water quahty and in the summer. The TMDL summarized herein is

provide a foundation for future designed to support management efforts to reduce
O instream human pathogens such that recreational uses
management initiatives. will be protected, and where necessary restored.

Water Quality Improvement Goals

Approximately 8.7 stream miles of the upper North Buffalo Creek mainstem have been
listed as impaired in NC’s 2002 303(d) List due to elevated fecal coliform concentrations
(DWQ, 2003). The stream’s impaired status is a reflection that water quality standards
for fecal coliform are not being met. This in turn is an indication that recreational users
of the water resource may be at an elevated risk of contracting water borne diseases from
human pathogens. The overall management goal is to reduce instream fecal coliform
concentrations to a level such that recreational users can safely enjoy clean streams
throughout the watershed.

To achieve this goal the TMDL defines two water quality targets: one target for dry
weather when recreational use is at its highest; and another target for all weather
conditions reflective of both wet and dry periods. Defining two TMDL targets is
advantageous for several reasons. First, the dry weather target provides a framework for
local watershed managers to focus their limited resources towards reducing pollutant
loadings during a period when user exposure to potential pathogens is likely at its
highest. Thereby, managers can optimize the use of their resources while also pursuing a
target recognized by the DWQ and the US Environmental Protection Agency (EPA).
Second, the all weather conditions target supports a traditional TMDL framework for
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achieving fecal coliform water quality standards under the most critical weather and
stream flow conditions identified within the analysis period (August 1998 — August
2001). This target reflects a longer term goal for achieving standards when the number of
potential contributing sources are at its highest. Thus, the TMDL summarized herein is
actually two TMDLs reflecting different rainfall runoff conditions.

For both TMDLs the target instream fecal coliform concentration is a geometric mean
concentration of < 200 cfu/100mL. Beginning on p. 47 is additional information about
the water quality targets. North Buffalo Creek at Summit Avenue is the point within the
watershed at which these targets will be applied.

The Watershed in Brief

Upstream of Summit Avenue - the TMDL compliance point - the watershed has a
drainage area of 21.8 mi’. This area subject to the TMDL includes a portion of
Greensboro’s downtown and is generally “built-out” from a development perspective.
Residential land uses dominate and cover approximately 38% of the TMDL area, with
roads (right-of-ways) covering approximately 15%. Forests cover approximately 20% of

the TMDL area.

Based on an analysis of 2000 US Census data, approximately 59,000 people reside within
the TMDL area, which translates into an average population density of 4.2 persons per
acre. This compares to a city-wide population density of approximately 3.0 persons per
acre. The average impervious coverage across the TMDL area is 26%, which is a level
high enough to result in significant measurable impacts to water quality (Schueler, 1994).

Existing Water Quality Conditions

Nine water quality monitoring stations, sampled by various organizations, are located
within the TMDL area. Monitoring data indicate that fecal coliform concentrations in
streams reaches throughout the watershed are high by most measures. Based on data
collected at these monitoring stations the following generalizations can be made about the
observed bacteriological conditions in the upper North Buffalo Creek watershed:

e With only a few exceptions, the geometric means of the various datasets are
consistently above 200 cfu/100mL - suggesting bacteriological contamination of the
creek is occurring under a variety of runoff and seasonal conditions (200 cfu/100mL
is the threshold fecal coliform concentration referenced in NC’s water quality
standard).

e The geometric mean of the various ambient (dry weather) datasets are also
consistently above 200 cfu/100mL — suggesting non-stormwater driven sources are
important contributors.

e Fecal coliform concentrations tend to be higher in the summer than at other times of
the year, which is consistent with other general findings reported in the literature

Xi
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(CWP, 1999). This is significant as recreational use of the waters tends to be highest
during the warm summer months.

e Fecal coliform concentrations during storm periods are consistently higher than
during ambient conditions — suggesting nonpoint sources of bacteria are also
important contributors.

Fecal Coliform Source Assessment

A detailed assessment of potential sources of fecal coliform loads within the watershed
was performed as part of the TMDL development process. With stakeholder input, an
effort was made to explicitly identify as many source types as was practical. While this
approach is more costly in terms of time and effort, in the long run a detailed assessment
will better support future implementation decisions. The following is a list of sources
included in the TMDL.:

e Cone Mills WWTP — permitted to discharge 1.25 MGD of treated
industrial/domestic wastewater (facility no longer directly discharging to North
Buffalo Creek).

o Exfiltrating sanitary sewers — loads from this source were simulated as a constant
fecal coliform concentration in groundwater based on limited studies conducted in
Mecklenburg County for a TMDL approved by EPA in 2002.

o Failing septic systems - 56 addresses within the TMDL area were identified as
possibly using on-site wastewater treatment. Based on the collective experience of
the TMDL stakeholders an estimated failure rate of 15% was applied for calculating
loads from this source.

o Illicit discharges from the stormwater conveyance system — 66 illicit discharges
were simulated in the TMDL based on field mapping data.

e Pets — 13,700 dogs and 15,300 cats are estimated to reside within the TMDL area.

¢ Sewer System Overflows (SSOs) — 131 SSOs were accounted for in the TMDL
based on data maintained by the City of Greensboro.

e Waterfowl — loads from waterfowl populations in Lake Hamilton, the Bog Garden,
and Buffalo Lake were included in the TMDL.

e Other sources — source category designated to account for sources not explicitly
identifiable/quantifiable within the watershed, e.g. urban wildlife populations. Loads
from these sources were quantified using model calibration procedures, and were
assumed to be delivered to the stream via stormwater runoff.

Water Quality Modeling Platform

Water quality computer models are frequently used during TMDL development for
establishing a relationship between instream water quality conditions and the contributing
watershed. These models use mathematical equations to represent the important physical
and chemical processes which affect the environment.

Xii
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Hydrologic Simulation Program — Fortran (WinHSPF version 2.0.6) was chosen as the
modeling platform for development of this TMDL. WinHSPF is a public domain
watershed model maintained and distributed by the US EPA. WinHSPF is a continuous
simulation, precipitation-driven model designed to calculate point and nonpoint source
pollutant loadings, downstream transport, and instream pollutant decay. A model
simulation period of 8/1/98 — 8/1/01 was chosen in order to take advantage of local
precipitation and water quality data collected within the TMDL area for model
calibration.

Fecal Coliform Loads To Summit Avenue

The calibrated WinHSPF model was used to assess the load contributions from the
various sources delivered to the TMDL compliance point — Summit Avenue. The pie
charts below illustrate the relative contributions under all weather conditions and dry
weather conditions, respectively.

Percentage of delivered load to Summit Avenue from each source category over the full
simulation period (all weather conditions):

Pets (56 %)
Other Sources (32%) *
Exfiltrating Sanitary Sewers (6 %)
WSSO (3%)
B Waterfowl(1%)
Cone Mills WWTP (<1%)
B Dry Wx Flow (<1%)

M Septic Systems (<1%)

* When interpreting this pie chart it is important to keep in mind that Other Sources represent the load
which could not reasonably be accounted for in the source assessment using the best available
data. The Other Sources category could include, for instance, loads from unknown wildlife
populations. However, contributions from Other Sources could also reflect an underestimation of
the loads from one or more of the identified sources.

Xiii
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Percentage of delivered load to Summit Avenue from each source category under dry
weather conditions:

Exfiltrating Sanifary Sewers (58%)
WSSO (26%)
B Waterfowl (6%)

Cone Mills WWTP (5%)
M Dry Wx Flow (4%)

Pets (<1%)

Other Sources (<1%)

M Septic Systems (<1%)

Note from the first pie chart that during the full simulation period (reflective of all
weather conditions) stormwater related sources contribute the vast majority of the
delivered load to Summit Avenue. During dry weather conditions, human sources of
fecal coliform tend to comprise the majority of the delivered load.

Total Maximum Daily Load

A TMDL is the calculation of the maximum amount of pollutant loading that a receiving
waterbody can assimilate while still achieving water quality targets. Per federal rules
TMDLs must include a margin of safety which accounts for uncertainty in the analysis.
As a means of meeting this requirement the water quality targets for both dry weather and
all weather conditions were lowered from 200 cfu/100mL to 180 cfu/100mL.

To calculate the TMDL, load reductions were taken from the calibrated model until all of
the 30 day geometric means were below the target threshold of 180 cfu/100mL, which
includes the explicit margin of safety. In addition, the model output was assessed to
ensure that no more than 6 (20%) of the daily fecal coliform predictions were greater than
400 cfu/100mL, in accordance with the all conditions water quality target. The figure
below illustrates the predicted rolling 30 day geometric mean fecal coliform
concentration at Summit Avenue after load reductions were applied to the calibrated
model.

Xiv
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Predicted 30 day geometric mean fecal coliform concentration at Summit Avenue under all
weather conditions. Geometric means for both existing conditions and under TMDL load
reductions are shown:

10000

Target 180/100mL
—— Existing Conditions

—— TMDL Allocation
1000 AV(QW " A,.
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FC Conc. #/100mL — 30 day geometric mean

10
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The following figure illustrates predicted geometric mean fecal coliform concentrations
under dry weather conditions.

Predicted “30 day” geometric mean fecal coliform concentration at Summit Avenue under
dry weather conditions. Geometric means for both existing conditions and under dry
weather TMDL load reductions are shown:
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The final stages of developing a TMDL involve making decisions about which sources
should be reduced and by how much. In large measure these decisions are based on
which sources are the major contributors, as well as which sources are controllable from
a practical standpoint. To facilitate an adaptive management approach, as well as to
logically partition the responsibility of implementation among management
organizations, TMDLs typically group sources into allocation categories. These
categories represent groups of sources which fall under common permitting or
management frameworks.

The following two tables outline the allocation categories and the percent load reductions
necessary to meet the TMDL requirements associated with the all weather conditions and
dry weather conditions water quality targets. The distribution of individual sources
among the categories are described in the footnotes, with additional detail presented in
Part 4 of this report.

Percent load reductions necessary to meet TMDL requirements associated with the all
weather conditions water quality target.

TMDL Allocation Category TMDL % Reduction
MS4 ' 96%
Nonpoint Sources * 93%
Cone Mills WWTP ® N/A

1 MS4 = Municipal Separate Storm Sewer System. This allocation category includes that portion of the load from
pets, Other Sources, and the full load from illicit discharges, which are transported to the receiving stream via
the NPDES permitted municipal stormwater conveyance system.

2  The nonpoint source TMDL allocation category includes that portion of the load from pets, Other Sources, and
the full loads from exfiltrating sanitary sewers, SSOs, failing septic systems, and waterfowl which are
transported to the receiving stream by means other than the MS4.

3  Since the Cone Mills WWTP is no longer discharging, a load reduction is not applicable for the purposes of this
TMDL.

Percent load reductions necessary to meet TMDL requirements associated with the dry
weather conditions water quality target.

TMDL Allocation Category TMDL % Reduction
MS4 72%
Nonpoint Sources 70%
Cone Mills WWTP N/A

XVi
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1.0 Introduction

1.1 BACKGROUND

The North Carolina Division of Water Quality (DWQ) has identified an 8.7 mile segment
of North Buffalo Creek as impaired due to elevated fecal coliform concentrations (DWQ,
2003). The impaired segment extends from the stream’s source to just above the North
Buffalo wastewater treatment plant (WWTP) near Summit Avenue. Fecal coliform
bacteria is a commonly used indicator test organism for detecting the possible presence of
human pathogens in lakes, streams, and estuaries throughout NC.

DWQ has classified North Buffalo Creek as Class C waters (DWQ, 1985). In NC, waters
with a primary classification of Class C are to be managed for the protection of secondary
recreational uses such as swimming, wading, boating, and other uses involving human
body contact with water where such activities take place in an infrequent, unorganized, or
incidental basis (DENR, 2003). The elevated levels of fecal coliform found in North
Buffalo Creek during both wet and dry weather conditions suggest there may be an
increased health risk to recreational and other users of the water resource from bodily
contact with the stream.

Section 303(d) of the Clean Water Act
(CWA) requires states to develop a list

of waters not meeting water quality Reach impaired for fecal
coliform highlighted in red

standards or which have impaired uses.
This list, contained within Categories 4
through 7 of the Integrated Report, is
submitted biennially to the US
Environmental  Protection  Agency
(EPA) for review. The 303(d) process
requires that a Total Maximum Daily
Load (TMDL) be developed for each of
the waters appearing on Category 5 of

the Integrated Report. The objective of —_—"

a TMDL is to estimate the maximum North Buffalo Creek watershed. Approximately 8.7 miles of
the upper North Buffalo Creek mainstream are listed in NC’s

amount of a pollutant (e.g. fecal 303(d) List due to elevated fecal coliform concentrations.
coliform) that a waterbody can receive Summit Avenue has been chosen as the TMDL compliance

and still meet water quality standards, " oint
and to allocate that load among point
and nonpoint sources (USEPA, 1991).

The City of Greensboro’s Department of Water Resources has partnered with DWQ and
interested local stakeholders to develop a TMDL for fecal coliform for the impaired
segment of North Buffalo Creek. The TMDL is intended to serve as an important
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management tool for guiding local implementation strategies designed to reduce loadings
of potential human pathogens to the stream. Generally, the primary components of a
TMDL, as identified by EPA (1991, 2000a) and the Federal Advisory Committee are as
follows:

Target Identification or selection of pollutant(s) and endpoint(s) for consideration. An
endpoint is an instream numeric target. The pollutant and endpoint are generally
associated with measurable water quality related characteristics that indicate
compliance with water quality _
standards. North Carolina indicates
known problem pollutants on the
303(d) List.

Source assessment. Sources that
contribute to the impairment
should be identified and loads
quantified, to the extent that that is
possible.

Reduction target. Estimation of the level
of pollutant reduction needed to
achieve the water quality goal.
The level of pollution should be
characterized for the waterbody, highlighting how current conditions deviate from
the target endpoint. Generally, this component is identified through water quality
modeling.

North Buffalo Creek at Summit Avenue.

Margin of safety. The margin of safety addresses uncertainties associated with pollutant
loads, modeling techniques, and data collection. Per EPA (2000a), the margin of
safety may be expressed explicitly as unallocated assimilative capacity (portion of
TMDL) or implicitly through conservative assumptions. The margin of safety
should be included in the reduction target.

Allocation of pollutant loads. Allocating available pollutant load (TMDL), and hence
pollutant control responsibility, to the sources of impairment. The wasteload
allocation portion of the TMDL accounts for the loads associated with existing
and future point sources. The load allocation portion of the TMDL accounts for
the loads associated with existing and future nonpoint sources. Any future
nonpoint source loading should remain within the TMDL that is calculated in this
assessment; in other words, this TMDL does not leave allocation for future
sources.

Seasonal variation. The TMDL should consider seasonal variation in the pollutant loads
and endpoint. Variability can arise due to stream flows, temperatures, and
exceptional events (e.g., droughts and hurricanes).
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Critical conditions. Critical conditions occur when fecal coliform levels exceed the
standard by the largest amount. If the modeled load reduction is able to meet the
standard during critical conditions, then it should meet the standard at all, or
nearly all, times.

The North Buffalo Creek TMDL establishes two instream water quality targets and
defines a watershed ‘“compliance point” along the mainstem at Summit Avenue. The
targets are designed to be consistent with the State’s water quality standard for fecal
coliform and provide general guidance for a future implementation plan. Section 303(d)
of the CWA and the Water Quality Planning and Management regulation (USEPA,
2000a) require EPA to review all TMDLs for approval or disapproval. Once EPA
approves the TMDL, then North Buffalo Creek may be moved to Category 4a of the 2002
Integrated Report. North Buffalo Creek will remain on Category 4a until compliance
with water quality standards is achieved. Note that the entire length of North Buffalo
Creek, from its source to the confluence with South Buffalo Creek, is also listed in the
Integrated Report as being biologically impaired. This TMDL does not explicitly address
this issue as the causal agents of the biological impairment have not yet been identified.

1.2 WATERSHED DESCRIPTION

The North Buffalo Creek watershed is located in the headwaters of the Cape Fear River
Basin in Guilford County (Figure 1.2.1). North Buffalo Creek, just above its confluence
with South Buffalo Creek, has a drainage area of approximately 44 mi’>. Drainage from
the North Buffalo Creek watershed generally flows in an easterly direction and ultimately
feeds the Haw River above Jordan Lake.

Figure 1.2.1 North Buffalo Creek watershed in the Cape Fear River Basin.
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1.3 SUBWATERSHEDS

This TMDL addresses fecal coliform impairment in the upper half of the North Buffalo
Creek watershed as outlined in NC’s 2002 303(d) List. For management and modeling
purposes the upper watershed was delineated into nine subwatersheds (Figure 1.3.1).
Delineation of these subwatersheds was based on hydrologic considerations, land
use/land cover patterns, and the locations of stream flow and water quality monitoring
stations for model calibration/confirmation. The upper watershed defined for this
TMDL, which has a drainage area of 21.8 mi’, is wholly within the city limits of
Greensboro. Table 1.3.1 summarizes total contributing and individual drainage areas for
each subwatershed.

Figure 1.3.1 Upper North Buffalo Creek watershed and modeled subwatersheds.

1 | Subwatershed ID number
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Table 1.3.1 Drainage area (DA) summary for the TMDL subwatersheds.

Subwatershed Subwatersh_ed DS I:;asltlclfv;‘;:ggtr::g gﬁtlz
(sq. mi) (sq. mi) |

1 5.1 5.1

2 4.0 4.0

3 0.5 9.6

4 4.7 14.3

5 1.4 15.7
6.1°2 1.3 1.3
6.2°2 25 3.8

7 2.3 6.1

8 0.05 21.8

1 Example: the cumulative drainage area to the outlet of subwatershed 3 equals the drainage areas
of subwatersheds 1, 2, and 3 (5.1+4.0+0.5=9.6).

2  Subwatershed 6 drains to the largest open waterbody in the watershed — Buffalo Lake. The upper
subwatershed (6.1) drains to the head of the lake and subwatershed 6.2 drains directly into the lake.

1.4 POPULATION ESTIMATES

Approximately 26% of Greensboro’s total population (223,891 as per 2000 US census)
lives in the upper North Buffalo Creek watershed. Population density in the upper
watershed averages 4.2 persons/ac. Subwatersheds 3 and 4 have the densest populations
as well as some of the oldest residential developments. Table 1.4.1 summarizes the 2000
population by subwatershed based on US census block data.

Table 1.4.1 Summary of 2000 population in the upper North Buffalo Creek watershed.

Subwatershed 2000 Population Estimate 2000 Density (persons/ac)
1 13,123 4.0
2 8,886 3.5
3 1,532 4.6
4 16,117 5.3
5 3,058 3.4
6.1 3,515 4.2
6.2 6,439 4.1
7 6,353 4.3
8 0 0.0
Total = 59,023 Average density = 4.2




Public Review Draft North Buffalo Creek Fecal Coliform TMDL
1.0 Introduction

1.5 EXISTING LAND USE / LAND COVER

In 2002 the City of Greensboro completed a city-wide GIS land use/land cover (LULC)
characterization project. A hybrid land use/land cover classification system comprised of
33 categories was devised to specifically support a variety of water resources
management and planning initiatives. The LULC GIS database was built from 2000
orthophotography, parcel and zoning data, as well as numerous additional planimetric
data sources. For modeling and reporting purposes the LULC categories were condensed
into 9 broader categories. Table 1.5.1 summarizes the LULC categories used to support
the TMDL.

Table 1.5.1 Land use/land cover categories used for TMDL modeling.

LUCL Category Description
D Downtown area - Includes a specific densely developed, multi-use
wntwn .
area near the center of the city.
Managed herbaceous — Cemeteries, lawns (>1 ac), open parks, golf
HERB o
courses, and athletic fields.
Industrial/Commercial/Office — includes low, medium, and high
ICO density industrial, commercial, and office properties greater than 1
acre.
INST Institutional — includes schools, university/colleges, churches, and
government uses.
MF Multi-family residential — includes apartments, condominiums, and
townhomes.
Single family residential — includes all single family detached homes.
RES .
Also includes duplexes.
Right-of-way — includes all roadways and adjacent right-of-way on
ROW . .
either side of the road.
Open waterbodies — includes lakes and ponds with a surface area
WATER
greater than 1 acre.
Wooded and natural areas — includes areas greater than 1 acre
where tree cover predominates (>75%). Also includes 1 acre or
WOODS : :
greater areas with a mix of trees and grass/herbaceous
vegetation/low-growing brush.

Table 1.5.2 and 1.5.3 summarizes the area and percent coverage of each LULC type,
respectively. On average the upper North Buffalo Creek watershed is dominated by
single family residential land uses as illustrated in the Figure 1.5.1. Roadways and
industrial/commercial/office properties are the second and third most prominent
developed land uses, respectively. On average, wooded areas cover slightly less than
20% of the upper watershed.
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Table 1.5.2 Summary of 2000 land use/land cover area. Values rounded to the nearest
acre. Area in square miles presented in parenthesis.

S”'s’":’:;e" Dwntwn | HERB Ico INST MF RES ROW WATER | WOODS | Totals
’ 0 228 452 104 155 1,288 497 19 521 3,263
(0) (0.36) (0.71) (0.16) (0.24) (2.01) (0.78) (0.03) (0.81) (5.10)
5 0 29 288 38 6 1,110 438 14 613 2,536
(0) (0.05 | (0.45) | (0.06) | (0.01) | (1.73) | (0.68) | (0.02) | (0.96) | (3.96)

3 0 23 1 7 16 146 57 2 80 331
(0) (0.04) | (0.00) | (0.01) | (0.03) | (0.23) | (0.09) | (0.00) | (0.13) | (0.52)
4 215 205 445 218 119 967 506 6 338 3,019
(0.34) (0.32) (0.70) (0.34) (0.19) (1.51) (0.79) (0.01) (0.53) (4.72)

5 0 40 287 25 37 223 139 7 134 892
(0) (0.06) | (0.45) | (0.04) | (0.08) | (0.35) | (0.22) | (0.01) | (0.21) | (1.39)

6.1 0 10 79 7 35 396 114 0 191 832
: (0) (0.02) (0.12) (0.01) (0.05) (0.62) (0.18) (0) (0.30) (1.30)
6.2 0 40 67 42 104 684 209 95 342 1,583
: (0) (0.06) (0.10) (0.07) (0.16) (1.07) (0.33) (0.15) (0.53) (2.47)
7 0 93 141 40 108 438 139 5 526 1,490
(0) (0.15) (0.22) (0.06) (0.17) (0.68) (0.22) (0.01) (0.82) (2.33)

8 0 3 3 0 0 0 3 2 26 37
(0) (0.00) (0.00) (0) (0) (0) (0.00) (0.00) (0.04) (0.06)
Totals 215 671 1,764 482 578 5,250 2,102 150 2,771 13,984
(0.34) (1.05) (2.76) (0.75) (0.90) (8.20) (3.28) (0.23) (4.33) | (21.85)

Table 1.5.3 Percent coverage of each land use/land cover type.

S“:r‘:":d‘e" Dwntwn | HERB Ico INST MF RES ROW WATER | WOODS | Totals
1 0.0% 7.0% 13.9% 3.2% 4.7% 39.5% 15.2% 0.6% 16.0% 100%
2 0.0% 1.1% 11.4% 1.5% 0.2% 43.8% | 17.3% 0.5% 24.2% 100%
3 0.0% 6.8% 0.3% 2.2% 4.9% 44.0% 171% 0.6% 24.1% 100%
4 7.1% 6.8% 14.7% 7.2% 3.9% 32.0% | 16.8% 0.2% 11.2% 100%
5 0.0% 4.5% 32.2% 2.8% 4.1% 25.0% 15.6% 0.7% 15.1% 100%
6.1 0.0% 1.2% 9.5% 0.9% 4.2% 475% | 13.7% 0.0% 23.0% 100%
6.2 0.0% 2.5% 4.2% 2.6% 6.6% 43.2% 13.2% 6.0% 21.6% 100%
7 0.0% 6.2% 9.5% 2.7% 7.2% 29.4% 9.4% 0.4% 35.3% 100%
8 00% | 86% | 83% | 00% | 00% | 00% | 86% | 43% | 70.3% | 100%
Totals 1.5% 4.8% 12.6% 3.4% 4.1% 37.5% 15.0% 1.1% 19.8% 100%
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Figure 1.5.1 Land use/land cover within the TMDL subwatersheds (2000).
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1.6 AGE OF RESIDENTIAL DEVELOPMENT

Given the predominance of residential land uses in the upper North Buffalo Creek
watershed (average >41% combined single and multi-family), it is useful to examine the
age of these developments as a prelude to the fecal coliform source assessment. The age
of residential development, as determined using parcel records, can provide some insight
into the possible age (and condition) of the stormwater and sanitary sewer infrastructure
systems. Older drainage and sanitary sewer systems, particularly those constructed using
clay pipe, as was common in NC pre-1970s, may be more subject to varying degrees of
deterioration. In particular, deteriorating sanitary sewer lines can be a significant source
of fecal coliform loading to a watershed.

It is important to note however that older residential subdivisions do not necessarily
equate to areas of high fecal coliform loads, particularly where systems have been well
maintained. However, these data do provide useful information for targeting follow-up
investigations to the TMDL. Figure 1.6.1 illustrates the age of residential development in
the upper watershed.

Figure 1.6.1 Age of residential development in the upper North Buffalo Creek watershed.
Only residential areas within the Greensboro city limits are shown.
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1.7 IMPERVIOUS SURFACES

Impervious surfaces, such as rooftops and parking lots, prevent rainfall from infiltrating
into the ground. The result is an increase in runoff volumes, instream peak flows, and
pollutant loads delivered to a receiving stream. Given the importance of impervious
surfaces in the field of water resources management, the City of Greensboro has invested
in the development of a comprehensive city-wide GIS database of impervious surfaces.
This GIS database includes polygon representations of road surfaces, railroad beds,
parking lots, driveways, rooftops (including residential out buildings), swimming pools,
storage tanks, along with other impervious feature types.

Table 1.7.1 summarizes the results of a GIS analysis undertaken to estimate the average
impervious surface coverage for each LULC type used in this TMDL. Table 1.7.2
outlines the percentage of impervious cover in each subwatershed.

Table 1.7.1 Average impervious surface coverage for each LULC type.

Average %

Hibe Imperviot?s Cover
DWNTWN 66%
HERB 0%
ICO 57%
INST 43%
MF 36%
RES 15%
ROW 63%
WATER 0%
WOODS 0%

Table 1.7.2 Average impervious surface coverage in each subwatershed.

% Impervious
Subwatershed C%ver
1 26%
2 25%
3 20%
4 33%
5 35%
6.1 23%
6.2 21%
7 19%
8 10%
TgAvDel;ang i 26%

10
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1.8 MONITORING STATIONS

Within the TMDL subwatersheds there are ten fecal coliform monitoring stations and two
USGS stream flow and precipitation gaging stations. The City of Greensboro’s
Stormwater Management Division has four ambient (dry weather) stations at which fecal
coliform samples are collected. Other physical/chemical water quality parameters are
also monitored at these stations. The Aycock Street station also serves as a storm
monitoring station for fecal coliform and other water quality parameters.

In 2001 the Piedmont Triad Council of Governments initiated a special study which
included five sampling stations within the TMDL subwatersheds, in addition to stations
in other watersheds within the Triad region of NC (PTCOG, 2003). A central objective
of the study is to examine instream fecal coliform concentrations during dry weather
conditions.

The USGS, with financial support from the Greensboro Department of Water Resources,
operates two stream flow and precipitation gaging stations within the TMDL
subwatersheds. The Westover Terrace station (02095181) on North Buffalo Creek began
recording daily stream flow in June 1999. The Church Street station (02095271), also on
North Buffalo Creek, began recording in August 1998. Table 1.8.1 and Figure 1.8.1
provide additional information on the monitoring stations located within the TMDL
subwatersheds.

Table 1.8.1 Monitoring stations within the TMDL subwatersheds.

Nllgp Su:l\:v:;er- Location Stream Agency ' Ambient? | Storm?® | Flow* | PPT®

A 1 Market St. N. Buffalo PTCOG v

B 1 S;Z?;tgg“r{( N. Buffalo SMD v

C Head of 3 Elam St. N. Buffalo PTCOG v

D Outlet of 3 | Aycock/Westover Terrace N. Buffalo USGS v
E Outlet of 3 | Aycock/Westover Terrace N. Buffalo SMD v 4

F 4 Garland Ave. N. Buffalo PTCOG v

G 4 Cridland Ave. N. Buffalo PTCOG v

H Outlet of 4 Church St. N. Buffalo USGS v
| Outlet of 4 Church St. N. Buffalo SMD v

J Outlet of 4 Church St. N. Buffalo PTCOG v

K 7 16" st. N Butaio SMD v

L | outletofs Summit Ave. N. Buffalo Cone Mills v v

WWTP

1 PTCOG = Piedmont Triad Council of Governments; SMD = City of Greensboro Stormwater Management Division;
USGS = US Geological Survey; Cone Mills WWTP = instream sampling station downstream of discharge.

Ambient (dry weather) sampling refers to instream water quality data collected 72 or more hours after a rainfall event.
Storm sampling refers to instream water quality data collected within 72 hours of a rainfall event.

Flow = Stream flow

PPT = Precipitation (rainfall)

abhwmNn
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Figure 1.8.1 Monitoring stations within the TMDL subwatersheds.

SMD ambient and/or storm water quality station

PTCOG ambient water quality station

USGS flow and precipitation gaging station

Cone Mills WWTP NPDES instream station

> % 4+ )

Map ID
(See Table 1.8.1)

1.9 OBSERVED INSTREAM FECAL COLIFORM DATA

The nine different sampling locations within the TMDL subwatersheds provides a
reasonably good picture of bacteriological water quality — particularly during dry weather
conditions when recreational use of the resource is highest. Generally speaking fecal
coliform concentrations at all of the stations are elevated with geometric means of the
observed datasets tending to be over the 200 cfu/100mL threshold referenced in NC’s
bacteriological water quality standard for Class C waters.

Below is a summary of the instream fecal coliform data collected by the three agencies,
SMD, PTCOG, and Cone Mills WWTP, which sample within the TMDL subwatersheds.
Each agency has appropriate quality control procedures in place and uses a State certified
laboratory to process the samples.

12
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Greensboro’s Stormwater Management Division Fecal Coliform Data

SMD samples at 4 locations within the TMDL subwatersheds (see Figure 1.8.1). All
stations are ambient monitoring locations with the exception of the Aycock Street station
from which storm (runoff event) samples are also collected. Table 1.9.1 provides a
summary of fecal coliform data collected at each of the SMD monitoring locations.
Appendix 1 includes a listing of the complete dataset with sampling dates and individual
results.

Table 1.9.1 Summary of ambient (dry weather) fecal coliform data collected by
Greensboro’s Stormwater Management Division. '

NeP | staion | CgometricMeanOf | “SimarAmbiont | Nom Summor Ambent | Tt Numbero
ataset Dataset
Arboretum 1,161 2,626 788 28
Aycock St. 433 1,124 211 14
| Church St. 306 630 178 14
K 16" St. 309 542 203 14

1 Ambient samples are collected 72 or more hours after the last measurable rainfall event. All stations were sampled
during the period 7/22/99 — 9/18/01 with the exception of the Arboretum station which was sampled 7/9/96 — 4/14/99.
Geometric means expressed in units of #/100mL.

See Figure 1.8.1 for a map of station locations.

Summer dataset is defined as those samples collected during the months of June through October. Non-summer is
defined as November through May.

w N

Table 1.9.2 Summary of storm fecal coliform data collected by Greensboro’s Stormwater
Management Division at the Aycock Street station. '

. . Geometric
. Geometric . Geometric
Geometric Gﬁg::]eg;c Mean Of Gn‘;:;eg;c Mean Of Mﬁi’:‘?f
Station Mean Of Summer L Ambient & Surr_imer summer T
Storm summer Ambient & . Samples
Storm Storm Ambient &
i Dataset 2 S 2 Dataset S Storm
Dataset Dataset Dataset
Aycock St. 4,586 11,303 2,921 1,090 2,427 652 . f ;rfg?gm

1 Storm samples are typically collected during or shortly after (within 24 hours) rainfall events. Geometric means
expressed in units of #/100mL. Samples collected during the period 7/22/99 — 9/18/01.
2 Summer dataset is defined as those samples collected during the months of June through October. Non-summer is
defined as November through May

Piedmont Triad Council of Governments Fecal Coliform Data

PTCOG sampled 5 stations along the North Buffalo Creek mainstem within the TMDL
subwatersheds as part of a special study conducted in Greensboro and High Point, NC
(PTCOG, 2003). All samples summarized herein were collected at ambient conditions
during the period 6/11/01 — 10/30/01, with the exception of the Elam Street station which
was sampled during 6/5/01 — 10/30/01. Table 1.9.3 summarizes the PTCOG instream
fecal coliform data. Appendix 1 includes a listing of the complete dataset with sampling
dates and individual results.

13
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Table 1.9.3 Summary of ambient (dry weather) fecal coliform data collected by the
Piedmont Triad Council of Governments. '

. Geometric Mean | Geometric Mean
Mag Station Geg?:'t‘:l)‘:ix]‘:an Of Ambient Of Ambient Total Number of
ID Dataset Summer Non-summer Samples
Dataset * Dataset *

A Market St. 683 822 454 16

C Elam St. 409 518 172 14

F Garland Ave. 852 1,006 462 14

G Cridland Ave. 470 610 197 13

J Church St. 309 348 206 13

1 Ambient samples are collected 72 or more hours after the last measurable rainfall event. Geometric means
expressed in units of #/100mL.

2 See Figure 1.8.1 for a map of station locations.

3 Summer dataset is defined as those samples collected during the months of June through October. Non-summer is
defined as November through May

Cone Mills WWTP Instream Fecal Coliform Data

As a condition of the Cone Mill NPDES wastewater discharge permit (NC0000876) the
facility is required to conduct instream sampling for fecal coliform and other water
quality parameters at Summit Avenue.” Table 1.9.4 summarizes 300 fecal coliform
samples collected during the period 8/3/1998 — 11/24/2000 as reported in the facility’s
discharge monitoring reports (DMRs). Appendix 1 includes a listing of the complete
dataset with sampling dates and individual results.

Table 1.9.4 Summary of instream fecal coliform data collected at Summit Avenue by Cone

Mills WWTP. '
Geometric Geometric Geometric Geometric Gﬁg;eg;c Total
Mag Station Mean Of Mean Of Mean Of Mean Of Non- Number Of
ID Complete Ambient Storm Summer
Dataset Samples® | Samples? Dataset * Sl Samples
Dataset

L Summit Ave. 429 206 680 619 300 300
1 Geometric means expressed in units of #/100mL.
2 See Figure 1.8.1 for a map of station locations.
3 Cone Mills was not required by permit to parse their sampling into ambient and storm sampling periods. However, for

the purposes of this TMDL the complete dataset was segregated into samples collected during dry weather periods
(ambient) and samples collected during or soon after a rainfall event. Precipitation data collected at the USGS gaging
stations at Westover Terrace and Church Street were used to identify dates in which the cumulative daily rainfall total
was 0.1” or more. Instream samples collected within 72 hours of these rain event days were classified as storm
samples. All others were considered ambient samples.

4 Summer dataset is defined as those samples collected during the months of June through October. Non-summer is
defined as November through May.

" During the TMDL simulation period (August 1998 — August 2001) Cone Mills was permitted to
discharge 1.25 MGD of treated industrial/domestic wastewater into North Buffalo Creek approximately
0.2 miles upstream of Summit Avenue. During the summer of 2001 Cone Mills began diverting its
discharge to the City of Greensboro’s North Buffalo Creek WWTP for treatment and ultimate discharge
below Summit Ave.
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Figure 1.9.1 illustrates the observed fecal coliform concentrations at Summit Avenue
over four stream flow regimes.” The x-axis is analogous to the percent chance of
exceedance for a given flow. For example, data points in line with the 50% flow duration
interval represent fecal coliform concentrations collected during predicted median flow.

Figure 1.9.1 Observed fecal coliform concentrations at Summit Avenue distributed by
predicted stream flow.'
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1 High flows: 559 (modeled peak) — 70 cfs; Transition flows: 69 — 22 cfs; Typical flows: 21 - 10 cfs;
Low flows: 9 — 3.4 (modeled low) cfs

The following is a summary of findings derived from Figure 1.9.1. The data summary is
not a direct comparison to the NC fecal coliform standard. Rather, it is intended to be a
general characterization of bacteriological water quality over a snap shot in time. The
200/100mL and 400/100mL values presented in the first six bullets are referenced against
grab sample results and not geometric means.

72% of all the samples are above 200/100mL

55% of all the samples are above 400/100mL

62% of samples collected during low flow conditions exceed 200/100mL

72% of samples collected during typical flow conditions exceed 200/100mL
85% of samples collected during transition flow conditions exceed 200/100mL
96% of samples collected during high flow conditions exceed 200/100mL
Geometric mean of samples collected during high flows = 1,465/100mL
Geometric mean of samples collected during transition flows = 942/100mL
Geometric mean of samples collected during typical flows = 479/100mL
Geometric mean of samples collected during low flows = 209/100mL

Over all flow regimes, except high, the range of observed concentrations (highest
and lowest values) is relatively consistent.

" There is no stream flow gaging station at Summit Avenue. Hence, predicted flows from the model were
used in this analysis.
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Exceedances of the 200/100mL threshold value occur over the full range of flows, but
generally occur at higher percentages as flows increase. Given that elevated fecal
coliform concentrations occur over the full spectrum of flow conditions, both stormwater
and non-stormwater driven sources need to be considered in the TMDL.

General Findings Applicable To Each Sampling Station

Based on a review of the data presented in Tables 1.9.1 through 1.9.4 the following
generalizations can be made about the observed bacteriological conditions in the upper
North Buffalo Creek watershed. Note that these generalizations are not intended to be a
formal evaluation of secondary recreational use support.

e With only a few exceptions, the geometric means of the various datasets are
consistently above 200 cfu/100mL - suggesting bacteriological contamination of the
creek is occurring under a variety of runoff and seasonal conditions.

e The geometric mean of the various ambient (dry weather) datasets are also
consistently above 200 cfu/100mL — suggesting non-stormwater driven sources are
important contributors.

e Fecal coliform concentrations tend to be higher in the summer than at other times of
the year which is consistent with other general findings reported in the literature
(CWP, 1999). This is significant as recreational use of the waters tends to be highest
during the warm summer months.

e Fecal coliform concentrations during storm periods are consistently higher than
during ambient conditions — suggesting nonpoint sources of bacteria are also
important contributors.
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2.0 Source Assessment

One of the key elements of a TMDL analysis is the identification of sources of fecal
coliform throughout a watershed, and the estimate of the amount of pollutant loading
contributed by each sources. Potential sources of fecal coliform are numerous, widely
distributed spatially, and often occur in combination. In addition, different sources
translate into varying degrees of risk to recreational users of the water resource.
However, it is generally recognized that human sources of fecal coliform pose the
greatest health risks (CWP, 1999).

Sources of fecal coliform loads can be assigned to two broad classes: point source loads
and nonpoint source loads. Point sources of fecal coliform are characterized as those
which enter a water body from discrete, often identifiable locations such as pipes.
Nonpoint sources of fecal coliform are diffuse sources often not entering a water body at
discrete, fixed locations. Nonpoint source loads tend to be variable in time and space,
making them particularly challenging to quantify.

Working with the project stakeholders eight fecal coliform source types were identified
as being potentially significant contributors in the upper North Buffalo Creek watershed.
This list includes: Cone Mills WWTP (NC0000876); illicit discharges from the City of
Greensboro’s NPDES Phase [ permitted stormwater conveyance system; pets
(specifically dogs and cats); exfiltrating sanitary sewer lines; sewer system overflows
(SSO0s); failing septic systems; waterfowl (specifically ducks and geese); and other
sources, presently unidentifiable, with delivery mechanisms assumed to be associated
with rainfall runoff events.

2.1 POINT SOURCE ASSESSMENT

2.1.1 Cone Mills WNTP

Cone Mills Corporation had a major
industrial discharge approximately 0.2
stream miles above Summit Avenue during
the TMDL model simulation period. The
facility was permitted to discharge 1.25
MGD of treated effluent with a monthly
geometric mean fecal coliform limit of 200
cfu/100mL. Cone Mills is a textile
manufacture for the apparel and home
furnishings market. The facility is still in Cone Mills
operation, however it no longer directly WWTP
discharges to the stream.  Rather, its _ — _

. The Cone Mills facility is the only NPDES permitted
pretreated wastewater is now sent to the vy 1p with a limit for fecal coliform within the TMDL
City of Greensboro’s North Buffalo Creek  watersheds.
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WWTP for final treatment and disposal. The North Buffalo Creek WWTP discharges
downstream of the reach impaired for fecal coliform and is therefore not included in this
TMDL. Daily effluent flow and daily fecal coliform monitoring data submitted to DWQ
by Cone Mills were used to estimate loads from this facility (Kebede, 2003).

2.1.2 lllicit Discharges From Greensboro’s Stormwater Conveyance System

Greensboro’s Stormwater Management

Division (SMD) is the lead local [B bt Bl G

government agency responsible for @&

managing  the city’s  stormwater §=

conveyance infrastructure. Greensboro is J&

permitted under EPA’s Phase 1 [E .

stormwater program. In 2002 SMD T IS ETD
X shows up brighter

completed a state-of-the-art GIS mapping on IR image than

project of its stormwater conveyance greek at ambient

emperature.

system. This project involved locating
stormwater inlets, manholes, pipes, and
culverts using a combination of GPS and

traditional survey technologies. These  Nighttime aerial infrared thermographic image of a possible

: : inappropriate discharge into North Buffalo Creek from an
data were 1ncorporated into a GIS institutional facility in subwatershed 1. Data from the
framework. Natural streams, man-made infrared flyover became available too late for use in the

open channels, and lake/ponds were also TMDL source assessment. However,_ these data will be
. K . used to support implementation strategies.

included in the GIS database to provide

complete hydrologic conductivity within a watershed. Table 2.1.2.1 summarizes the
number of stormwater inlets and length of drainage pipe (12” or greater) within the
TMDL subwatersheds as identified through the stormwater infrastructure mapping
project.

Table 2.1.2.1 Summary of selected stormwater infrastructure features within the TMDL

subwatersheds.
Stommper Of | Total Length Of 12” Or
Subwatershed (e.g. curb inlet, yard Greater(lr)r:ﬁzn;ter Pipe
inlet, etc.)
1 2,070 40.1
2 1,781 35.2
3 210 3.0
4 2,693 47.7
5 647 11.9
6.1 457 10.2
6.2 1,012 21.3
7 557 12.7
8 13 0.4
Total 9,440 182.5
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In addition to the locational mapping, various attributes which describe the conveyance
system were also collected such as inlet type, pipe size, and pipe invert elevation.
Attribution of the conveyance system also included an inventory of any illegal tie-ins to
the system. An illegal tie-in is defined as any unauthorized private piped connection to
the public stormwater conveyance system. The mapping project was not designed to
assess whether or not discharges from illegal tie-ins are comprised solely of stormwater.
These determinations are being made through follow-up investigations over time.

However, the mapping database does include a number of useful attributes which were
used to identify the possible presence of illicit discharges to the stormwater system.
These attributes included whether or not an unusual odor, such as from raw sewage, was
emanating from the system; whether or not flows in the system were unnaturally colored
or cloudy; as well as specific comments recorded in the database by the mapping field
crews which would suggest the presence of an illicit discharge in the system. Using these
attributes an analysis of the stormwater infrastructure database was conducted to identify
the number of structures and pipes possibly containing non-stormwater flows (illicit
discharges). The outfalls from which these non-stormwater flows ultimately discharge
were identified using the system connectivity built within the GIS database. Table
2.1.2.2 summarizes the results of this analysis. Figure 2.1.2.1 illustrates the locations of
stormwater structures and pipes suspected of containing non-stormwater flows.

Table 2.1.2.2 Summary of the number of stormwater structures, pipes, and outfalls
possibly containing non-stormwater flows.

Subwatershe | (MUTBErS! SULCISS | umper orppes | 14TCET o1 Ottt o
1 6 10 9
2 11 12 8
3 0 0 2°2
4 14 5 27°
5 8 8 6
6.1 2 7 1
6.2 9 8 11
7 1 1 2
8 0 0 0
Total 51 51 66

This column represents the number of discreet locations the possible discharge enters a 1:24,000 scale stream. For
example, in subwatershed 1 based on the connectivity of the stormwater conveyance system, the 6 structures and 10
pipes suspected of possibly containing non-stormwater flows ultimately discharge to a stream at 9 unique locations.
The stormwater infrastructure database indicated possible evidence that an illicit discharge had occurred at 2 instream
locations. The database did not yield any evidence that the discharge was associated with a specific stormwater
structure or pipe.

Based on the connectivity of the stormwater conveyance system, 14 structures and 5 pipes were identified as possibly
containing non-stormwater flows discharging at 9 unique locations. However, this number of non-stormwater
discharges is suspected of being an underestimate due to uncertainties associated with the mapping database.
Approximately 215 acres of Greensboro’s downtown area is within subwatershed 4. The downtown area contains
some of the City’s older stormwater infrastructure — much of which was inaccessible during the mapping project. Due
in part to buried manholes, 183 stormwater pipes in the downtown area could not be inspected and their network
connectivity verified. For the purposes of this TMDL, it was assumed that 10% of these older, inaccessible pipes may
contain illicit tie-ins (i.e. 183 *10% = 18 pipes). It was also assumed that each of these pipes discharge to a discreet
location. Therefore in subwatershed 4 a total of 27 (18+9) outfalls possibly containing non-stormwater flows were
used to estimate fecal coliform loads from illicit discharges.
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Figure 2.1.2.1 Stormwater structures and pipes, along with corresponding stream outfalls,
suspected of containing non-stormwater flows.

@ Stormwater structure (e.g. inlet, manhole)
® Pipe

= Outfall location to 1:24,000 scale stream from
stormwater structure and/or pipe

Some discharge
outfalls for pipes in the
downtown area are
not verified/shown.

Flow and fecal coliform concentration measurements are not available at stream outfalls
suspected of containing non-stormwater flows for use in calculating loads. To estimate
loads from each outfall for the TMDL, data from various dry weather flow investigations
were obtained from the Mecklenburg County Department of Environmental Protection
(Kroening, 2002). These data are described in the fecal coliform TMDL for Irwin,
McAlpine, Little Sugar, and Sugar Creek Watersheds approved in February 2002
(MCDEP/DWQ, 2002), and presented in Appendix 4.

A median dry weather flow rate of 0.00675 cfs from each outfall was calculated from the
Mecklenburg County studies based on an analysis of outfalls in the county possessing dry
weather flow. A geometric mean fecal coliform concentration in the dry weather flow of
676 cfu/100mL was also calculated from the Mecklenburg County data. These “typical”
flow and fecal coliform concentration values were applied to each outfall suspected of
containing non-stormwater flows in the upper North Buffalo Creek watershed in order to
calculate fecal coliform loads for each subwatershed. These loads are assumed to be
constant. Table 2.1.2.3 summarizes the loading estimates from illicit discharges (non-
stormwater flows) used in this TMDL.
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Table 2.1.2.3 Fecal coliform loading estimates from illicit discharges (non-stormwater
flows) from the stormwater conveyance system.

Number of
Subwatershed | Outfalls to 1:24K Total Flow (cfs) ' Total Load (#/day) 2
Scale Streams
1 9 0.06075 1.01E+09
2 8 0.05400 8.94E+08
3 2 0.01350 2.23E+08
4 27 0.18225 3.02E+09
5 6 0.04050 6.70E+08
6.1 1 0.00675 1.12E+08
6.2 11 0.07425 1.23E+09
7 2 0.01350 2.23E+08
8 0 0.00000 0.00E+00

1 Total flow = Number of outfalls * 0.00675 cfs

2 Total load (#/d) = Total flow (cfs) * 676/100mL * conversion factor (24470000)

2.2 NONPOINT SOURCE ASSESSMENT

2.2.1 Pets

Given the predominance of residential land
uses in the upper North Buffalo Creek
watershed, pets, specifically dogs and cats,
are believed to be potential significant
contributing sources of fecal coliform
loads in the watershed. The City of
Greensboro does not have a pet licensing
program, so dog and cat populations were
estimated based on national average pet
ownership statistics published by the
American Veterinary Medical Association
(AVMA 1997). The City of Wilmington,
NC conducted a comparison of pet
population estimates made using AVMA
statistics versus local county health
department records of registered pet

E 1 7 i el T
Greensboro’s city parks, such as Latham Park shown
above along North Buffalo Creek, are popular places for
walking dogs.

owners. Wilmington found that AVMA statistics yielded reasonably similar results for

watershed source assessment purposes (Wilmington, 2002).

statistics:

According to AVMA

# of dogs in a given area = 0.534 * total number of households in the area

# of cats in a given area = 0.598 * total number of households in the area
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2000 US Census block data, which includes household counts, were used to estimate the
number of households in each subwatershed which was then used in turn to estimate the
dog and cat population (Table 2.2.1.1).

Table 2.2.1.1 Estimated dog and cat population in the upper North Buffalo Creek
watershed based on AVMA statistics.

Subwatershed | No. of Dogs | No. of Cats | No. of Households
1 3,047 3,412 5,706
2 2,063 2,310 3,863
3 356 398 667
4 3,742 4,190 7,007
5 710 795 1,330
6.1 816 914 1,528
6.2 1,495 1,674 2,800
7 1,475 1,652 2,762
8 0 0 0
Totals 13,704 15,345 25,663

Based on published animal feces production rates approximately 4,400 1b/day of feces is
generated from the dog population and 2,300 Ib/day of feces is produced from the cat
population within the TMDL subwatersheds (CWP, 1999). Using input from the local
stakeholders group it was assumed for the purposes of this TMDL that 100% of the dog
waste generated is deposited outside, on residential land, and subject to rainfall runoff
processes. Fifty percent (50%) of cat waste was assumed to be deposited outside, on
residential land, and subject to runoff. Based on these data and assumptions, daily fecal
coliform accumulation rates were calculated as outlined in Table 2.2.1.2.

Table 2.2.1.2 Fecal coliform accumulation rates from pet waste.

Ac;::;:;tti;? Iﬁe::g 1On Total Residential
Subwatershed (count/acre/day) Acreage
(ACQOP)

1 9.28 X 10° 1,443
2 8.12X 10° 1,116
3 9.65 X 10° 162

4 151 X 10" 1,086
5 1.20 X 10" 260
6.1 8.33 X 10° 431
6.2 8.33 X 10° 788

7 1.19X 10" 546

8 0 0

1 Calculations based on a fecal coliform loading rate from dogs of 4.09E+09 cfu/dog/day
(Roessler, 2002) and a rate from cats of 5.37E+08 cfu/cat/day (calculated from data
provided in CWP, 1999).
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2.2.2 Sanitary Sewer Line Exfiltration

The City of Greensboro operates over 1,382 miles of sanitary sewer lines ranging in size
from 6 to 72 inches in diameter. The sanitary sewer collection system transports
wastewater to either the North Buffalo Water Reclamation Facility (WRF) or the T.Z.
Osborne WRF on South Buffalo Creek. Both plants have advanced tertiary limits for
oxygen consuming wastes as permitted under NPDES.

The infiltration and inflow (I&I) of groundwater and/or rainwater into the sanitary sewer
collection system is an important management issue for municipalities. Excessive 1&I
can result in sewer system overflows and reduced treatment capacity at the WWTP. The
City of Greensboro has an on-going inspection and maintenance program which includes
the rehabilitation of aging sewer lines. Over $1.7 million is spent annually on the
rehabilitation program with a particular focus on reducing I&I related problems. The
rehabilitation program also addresses exfiltration problems, i.e. when sewage is leaking
out of the collection system. Hydraulically this situation can occur when a sewer line is
above the water table or stream water
surface, or is under pressure as is the
case with force mains. Unfortunately,
exfiltration problems are much more
difficult to detect because often there is
little visual evidence that a problem is
occurring.

The majority of Greensboro’s sanitary
collection system (~97%) are lines
which generally follow the terrain to
take advantage of gravity flow. Hence,
by design collection arteries are often

located in close proximity to Streams |, yhe North Buffalo Creek watershed data on exfiltrating
and tributaries to transport wastewater sanitary sewer lines are very limited, as is generally the case

. . throughout NC. The best professional judgment of the local
downbhill to the treatment plant. This  1ypL stakeholders is that exfiltrating sanitary lines could be

situation presents an opportunjty for a potential significant source of fecal coliform loads.

treated t h t However, actual load contributions from this source are not
untreéated sewage 1o reach a stréam e ynderstood. A special study being conducted by the

through abnormalities in the line, such City of Greensboro on dry weather sources of fecal coliform

th h ks at a ioint within the TMDL subwatersheds was initiated in the Spring of
as through cracks at a joint. 2003. One of the goals of this study is to gather additional
information on this potential source to support
implementation strategies.

Most NC municipalities have very little
data for quantifying the degree of
exfiltration which is occurring from their sanitary sewer collection system. However, in
2000 Mecklenburg County published the results of a limited study designed to investigate
fecal coliform concentrations in groundwater in the vicinity of underground sanitary
sewer lines. The study is summarized in the Fecal Coliform TMDL for the Irwin,
McAlpine, Little Sugar, and Sugar Creek Watersheds (MCDEP/DWQ, 2002), and the
data presented in Appendix 5. Briefly, Mecklenburg County found that 3 out of 4 down
gradient wells, positioned near sewer lines located above the water table, had an average
groundwater fecal coliform concentration of 58 cfu/100mL. Measured concentrations
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ranged from < 10 cfu/100mL to 1,700 cfu/100mL. None of the samples collected from
the 4 up gradient wells had measurable fecal coliform concentrations. None of the
samples collected from wells positioned near sewer lines located below the water table
had measurable fecal coliform concentrations.

For this TMDL exfiltrating sanitary sewer lines were simulated in the model as a constant
fecal coliform concentration in groundwater. Per the Mecklenburg County study,
groundwater concentrations for most of the subwatersheds were assumed to be 58
cfu/100mL. In subwatershed 4 which includes 215 acres of downtown area and some
turn of the century (1900s) residential development (see Figure 1.6.1), and in
subwatershed 7 which also has elevated instream fecal concentrations during dry weather,
groundwater concentrations were assumed to be 700 cfu/100mL. An assumed
groundwater concentration of 700 cfu/100mL is based primarily on model calibrations
during dry weather periods when loadings from most other sources are reduced. It is
important to note however that although the 700 cfu/100mL fecal coliform concentration
assumed for groundwater in selected subwatersheds is well within the range observed
within Mecklenburg County, there is no local data to substantiate this assumption. In
general, fecal coliform loads from exfiltrating sanitary sewer lines represent a significant
source of uncertainty in the TMDL. Exfiltrating sewer lines and other dry weather
sources of fecal coliform loads will be investigated in more detail as part of a special
study initiated in the spring of 2003 with funding from the Cape Fear River Assembly.

2.2.3 Sewer System Overflows

Sewer system overflows can generally be
characterized as unpermitted discharges
from the sanitary sewer collection system.
To varying degrees SSOs occur in virtually
every municipal collection system. Often
SSOs are caused by excessive volumes of
rain water entering the collection system
which exceeds the systems capacity to
transport all the flow to the WWTP. SSOs
can also be caused by blockages in the lines
from grease, debris, tree roots, and other
obstructions.

) Sewer system overflow draining into North Buffalo
The City of Greensboro’s Department of  Creek within subwatershed 4. The City of Greensboro

. . maintains a database of SSOs as part of a program to
Water Resources maintains a database of minimize the occurrence of uncontrolled discharges

spills and overflows from the sanitary from the sanitary sewer collection system.

sewer collection system. The database

includes among other attributes the location, date and time the discharge started and
stopped, estimated discharge volume, whether or not the discharge reached a surface
water body, and an explanation of the possible cause of the discharge. Table 2.2.3.1 and
Figure 2.2.3.1 summarize the SSOs which occurred within the TMDL subwatersheds
during the model simulation period. Appendix 6 includes data for each individual SSO.
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Table 2.2.3.1 Summary of SSOs within the TMDL subwatersheds during the model
simulation period August 1998 through August 2001.

Subwatershed | No. of SSOs | Total Volume Spilled (gal)

1 25 5,575
2 18 3,875
3 1 200
4 42 72,115
5 7 2,780

6.1 14 1,615

6.2 13 6,950
7 11 7,325
8 0 0

Total 131 100,435

Figure 2.2.3.1 Distribution of SSOs within the TMDL subwatersheds during the period
August 1998 through August 2001.

@ | ocation of SSO

Note: In some cases more than one overflow
has occurred at a given location.

Loads from SSOs were estimated based on an assumed fecal coliform concentration in
untreated sewage of 6.4X10° cfu/100mL (CWP, 1999), and flow rates calculated from the
spill start and stop times and estimated spill volume reported in the SSO database.
Within the model framework, fecal coliform loads from SSOs are simulated as direct
discharges to a stream reach. Start and stop times for each individual SSO are maintained
within the model.

25



Public Review Draft North Buffalo Creek Fecal Coliform TMDL
2.0 Source Assessment

2.2.4 Failing Septic Systems

On-site wastewater treatment systems are a very common means of treating and deposing
of wastewater in areas of NC not served by a centralized sanitary sewer system. Since all
of the area within the TMDL subwatersheds is within the Greensboro city limits, septic
systems were not believed to be in common use. However, even in urban areas it is
possible for these systems to be in existence and thus were considered as part of the
TMDL analysis.

No direct accounting of the number of septic systems in use within the TMDL
subwatersheds is available. Therefore, in order to quantify loads from improperly
functioning (failing) septic systems, the total number of systems in use had to be
estimated. This was accomplished through an analysis of water and sewer billing records
maintained by the Greensboro Department of Water Resources. Based on a comparison
of these records, it was assumed that city customers with developed properties receiving a
water bill but not a sewer bill, were disposing wastewater via an on-site system. There
are no NPDES permitted privately owned package plants within the TMDL
subwatersheds.

Based on the collective experience of the TMDL stakeholders an estimated failure rate of
10% — 20% was believed to be appropriate. This range was corroborated by the opinion
of an experienced septic system inspector with the Guilford County Health Department
(Edwards, 2002). Table 2.2.4.1 and Figure 2.2.4.1 summarize the septic system source
assessment.

Table 2.2.4.1 Septic systems within the TMDL subwatersheds.

1 9 1

2 9 1

3 2 0

4 22 4

5 3 0
6.1 1 0
6.2 7 1
7 3 0

8 0 0
Total 56 7

1 The number of failing septic systems was estimated by assuming a 15% failure rate from the total
number of systems and rounding to the nearest integer. In the case of subwatershed 4 the
number of failing systems was rounded up to the nearest integer, as this subwatershed had a
disproportionately high number of systems.
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Figure 2.2.4.1 Distribution of septic systems within the TMDL subwatersheds.

® Unverified septic system
location based on an analysis of
water and sewer billing records

Fecal coliform loads from failing septic systems were calculated by assuming 2.3
individuals are served by each septic system which is based on the average number of
persons in a Greensboro household according to the 2000 US Census. A per capita flow
rate of 70 gallons per person per day, and a fecal coliform concentration of 10,000
cfu/100mL was assumed for the loading calculations (Horsely and Whitten, 1996). Table
2.2.4.2 summarizes the estimated fecal coliform load from failing septic systems within
the TMDL subwatersheds.

Table 2.2.4.2 Estimated fecal coliform load from failing septic systems located within the
upper North Buffalo Creek watershed.

Subwatrsned | NO,o1ENG | o ) | PG Sonenuatonn | FLoad
1 1 0.00025 10,000 6.09E+07

2 1 0.00025 10,000 6.09E+07

3 0 0.00000 10,000 0.00E+00

4 4 0.00100 10,000 2.44E+08

5 0 0.00000 10,000 0.00E+00
6.1 0 0.00000 10,000 0.00E+00
6.2 1 0.00025 10,000 6.09E+07

7 0 0.00000 10,000 0.00E+00

8 0 0.00000 10,000 0.00E+00
Totals 7 0.00174 4.27E+08
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2.2.5 Waterfowl

Within the City of Greensboro there are
over 580 ponds and lakes.” Due in part to
the large number of open waterbodies in
the area, the City of Greensboro supports a
sizable waterfowl population, particularly
Canada geese and mallard ducks.

According to data published by the
National Audubon Society, over 10,400
sightings of Canada geese and 6,300
sightings of mallards have been recorded
in the Greensboro area during the annual
Christmas Bird Counts for the period
1991-2001 (Audubon, 2003). The 2001
one-day Greensboro Audubon count
included 1,341 Canada geese. Many NC geese populations are no longer migratory due
to the year round availability of food. Geese are primarily terrestrial feeders, often seen
harvesting grass and seeds along maintained lawn areas surrounding ponds, lakes, and
golf courses. In recent decades, non-migratory geese populations have been a growing
problem in these maintained areas because of the quantity of feces deposited by the birds.

Canada geese feeding near the banks of North Buffalo
Creek near Church St.

In an effort to compile site specific data on geese and mallard populations within the
TMDL subwatersheds, several locations mostly associated with lakes and ponds, were
investigated for evidence of significant waterfowl populations. Table 2.2.5.1 outlines the
locations investigated.

Table 2.2.5.1 Locations investigated for evidence of waterfowl populations in the upper
North Buffalo Creek watershed. Survey conducted on 10/23/02.

Subwatershed Location Comment
. Evidence of significant waterfowl
1 Lake Hamilton populations.
. Access very limited due to surrounding

1 Lake Euphemia private property.

No evidence of significant waterfowl
1 Starmount CCGC populations.
1 SE:{S% L;n;,::(rk’ No evidence of significant waterfowl

Arboretum ’ populations.

Large year round waterfowl population
2 Bog Garden according to a volunteer park naturalist.

Ducks and geese fed daily by park visitors.
5 Bicentennial Garden No evidence of significant waterfowl

populations.

¥ Data based on an inventory of open waterbodies conducted during the stormwater infrastructure mapping
project. Ponds include both natural and engineered wet detention ponds designed as water quality BMPs.
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: No evidence of significant waterfowl
4 Lake Daniel populations.
No evidence of significant waterfowl
4 Greensboro CCGC populations.
4 UNC-G golf course | No evidence of significant waterfowl
practice holes populations.
Evidence of significant waterfowl
6.2 Buffalo Lake populations.
6.2 Private pond at Irving | Evidence present of problematic waterfow!
) Park Village populations but few birds observed.
. No evidence of significant waterfowl
7 Pond near Mizell Rd. populations,
7 Pond at Craft Rec. No evidence of significant waterfowl
Center near Leo Dr. | populations.

Of the sites described in Table 2.2.5.1 Lake Hamilton, the Bog Garden, and Buffalo Lake
were identified as the locations most likely to support year round populations of
waterfowl. It is important to note that waterfowl populations are constantly changing
over space and time, however these three pEEm———————"—: '
locations appear most likely to support g8
sizable populations for inclusion in the
TMDL. Figure 2.2.5.1 illustrates the
locations of these three waterfowl sites.

Figure 2.2.5.1 Lakes and ponds in the
upper North Buffalo Creek watershed
identified as likely supporting significant
year-round waterfowl populations.

Buffalo Lake
\

5

Lake Hamilton

The Bog Garden Park pond, shown in the above two
pictures, supports a relatively large year-round waterfow!
population for its size. Many of the ducks and geese have
become ‘tame” from routine feedings from park visitors.

29



Public Review Draft North Buffalo Creek Fecal Coliform TMDL
2.0 Source Assessment

To calculate fecal coliform loads for the TMDL, waterfowl populations from the three
locations were estimated by averaging survey data collected on 10/23/02 (and 11/8/02 for
Buffalo Lake) with 10 years of National Audubon Society Christmas Bird Count data
(1991-2001). Based on data from the National Audubon Society available from their
website, the average annual Audubon one-day count for geese in the Greensboro area is
949 and for mallards is 578 (Audubon, 2003).

For the purposes of estimating how many waterfowl might be residing at the three
locations of interest for this TMDL, it was assumed that the average Audubon
populations are evenly distributed across open waterbodies within Greensboro (including
the water supply reservoirs which border the city’s northern edge). Based on the city-
wide stormwater infrastructure GIS mapping project discussed in Section 2.1.2, there are
approximately 3,320 acres of open waterbodies (lakes, ponds, and reservoirs) in the
Greensboro area. These data were used to calculate areal weighted average waterfowl
populations for the three waterbodies of interest in the TMDL as described in Table
2.25.2.

Table 2.2.5.2 Estimated waterfowl populations for three locations identified within the
TMDL subwatersheds as likely supporting year-round populations.

Audubon Average
. 10/23/02 11/8/02 Areal Populations
S e LR Survey' | Survey' Weighted Assumed for
Average > TMDL ®
1 Lake Hamilton Geese: 0 n/a Geese: 5 Geese: 2.5
Ducks: 22 Ducks: 3 Ducks: 12
Geese: 10 Geese: 4 Geese: 14
2 Bog Garden Ducks: 42 n/a Ducks: 2 Ducks: 22
6.0 Buffalo Lake Geese: 20 | Geese: 0 Geese: 26 Geese: 15
’ Ducks: 4 Ducks: 57 | Ducks: 15 Ducks: 25

1 Observed waterfowl population in and adjacent to the waterbody based on a count conducted over roughly a one hour
time period.

2 Areal weighted averages were calculated by assuming that the average annual Audubon bird count populations are
evenly distributed over Greensboro’s 3,320 acres of open waterbodies. The resulting bird/acre ratio was multiplied by
the area of the three waterbodies of interest within the TMDL subwatersheds to estimate geese and duck populations.

3 This column represents the populations used for calculating fecal coliform loads from waterfowl for the TMDL. These
numbers represent an arithmetic average of the survey data and Audubon data.
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Tables 2.2.5.3 through 2.2.5.5 summarize fecal coliform loading rates from waterfowl
populations at Lake Hamilton, the Bog Garden, and Buffalo Lake.

Table 2.2.5.3 Estimated fecal coliform loads from waterfowl populations at Lake Hamilton.

Daily FC % of Load FC Load FC Load

. - Deposited Deposited Deposited

praleLen AL I(';i?l,'g/% : a)t¢19 Directly in Directly in on Land
y Waterbody 2 | Water (#/day) ° (#/day)

Geese 25 4.90 X 10" 5% 3.06 X 10® 1.16 X 10"

(m%iﬁs) 12 2.43 X 10° 80% 1.17 X 10° 5.83 X 10°

1 Source: Roessler, 2002.
2  Percentages based on best professional judgment estimates of the percentage of time each species spends in

the water.

3  Estimates of the load deposited directly in the water factors in a 95% removal efficiency for the waterbody.

Table 2.2.5.4 Estimated fecal coliform loads from waterfowl populations at the Bog Garden.

Daily FC % of Load FC Load FC Load
. - Deposited Deposited Deposited
R AT L&?gi'&? dI:at)e Directly in Directly in on Land
y Waterbody | Water (#/day) ' (#/day)
Geese 14 4.90 X 10" 5% 3.43X 10° 6.52 X 10"
Ducks 22 2.43 X 10° 80% 428 X 10° 1.07 X 10"
(mallards)

1 Estimates of the load deposited directly in the water factors in a 90% removal efficiency for the waterbody.

Table 2.2.5.5 Estimated fecal coliform loads from waterfowl populations at Buffalo Lake.

Daily FC % of Load FC Load FC Load
. - Deposited Deposited Deposited
R AT L&?gi'&? dI:at)e Directly in Directly in on Land
y Waterbody | Water (#/day) ' (#/day)
Geese 15 4.90 X 10" 5% 1.84 X 10° 6.98 X 10"
Ducks 25 2.43 X 10° 80% 2.43 X 10° 122X 10"
(mallards)

1 Estimates of the load deposited directly in the water factors in a 95% removal efficiency for the waterbody.
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2.2.6 Other Sources

During the development of this TMDL a significant amount of effort has been directed
towards explicitly accounting for likely sources of fecal coliform loads in the upper North
Buffalo Creek watershed. Explicitly identifying sources is an important step towards the
ultimate implementation of successful load reduction strategies.

However, it should be recognized that it is not possible to explicitly account for every
source of fecal coliform loading in the watershed - as the potential number of individual
source types is huge and site specific data much too scarce. Therefore, these other
sources, which are surely in the watershed but are not individually identifiable, have been
lumped into a category known as Other (unidentified) sources. For the purposes of this
TMDL loads from unidentified sources are assumed to be land deposited and nonpoint
source in nature. The load delivery mechanism to the stream is simulated in the model by
rainfall runoff-type processes.
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3.0 Modeling Approach

Water quality computer models are frequently used during TMDL development for
establishing a relationship between instream water quality conditions and the contributing
watershed. These models use mathematical equations to represent the important physical
and chemical processes which are believed to affect the environment. By necessity
models are simplified versions of reality, as the environment is much too complex to
fully simulate with mathematics. However, models have proven over time to be very
useful tools for gaining a better understanding of the cause-effect relationship between
pollutant loadings and the water quality issues we are concerned about.

The TMDL modeling process typically proceeds in two distinct phases. The objective of
the first phase is to simulate existing water quality conditions. Once the model is deemed
to be adequately simulating existing conditions (referred to as a calibrated model), then
the second modeling phase can begin. In the second phase, the objective is to evaluate
various pollutant load reduction strategies in order to achieve a water quality goal —
which is typically the achievement of state numeric water quality standards.

3.1 MODEL SELECTION

EPA’s Hydrologic Simulation Program — Fortran (WinHSPF version 2.0.6) was chosen
as the modeling platform for development of this TMDL. WinHSPF is a public domain
watershed model maintained and distributed by the US EPA. WinHSPF is a continuous
simulation, precipitation-drive model designed to calculate point and nonpoint source
pollutant loadings, downstream transport, and instream pollutant decay.

In the world of water quality models, WinHSPF is generally considered a relatively
complex, highly parameterized model. These same characteristics also make WinHSPF a
relatively flexible model for addressing a variety of pollutant and water quality issues.
While this TMDL solely addresses fecal coliform, the Greensboro Stormwater
Management Division desired a flexible modeling platform for addressing other water
quality issues in the North Buffalo Creek watershed as the need arises, hence the
selection of WinHSPF.

3.2 MODEL SETUP
EPA’s BASINS 3.0 GIS interface was used to set up the initial WinHSPF user input file.
Given the relatively large amount of detailed local data available, most of the GIS layers

packaged with BASINS 3.0 were not used as part of the model setup. Below is a
description of the basic model setup.
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3.2.1 Subwatersheds and Stream Reaches

The upper North Buffalo Creek watershed was delineated into nine subwatersheds,
corresponding to the various water quality & stream flow monitoring stations, and to
selected hydrologic features such as Lake Buffalo (refer to Sections 1.3 and 1.8 for
additional details). One stream reach is simulated within each subwatershed. Most of the
information needed for estimating stream reach length, slope, and cross sectional
dimension was adopted from the GIS stormwater conveyance system mapping project
described in Section 2.1.2. As part of this project 169 surveyed cross sections were
conducted on the mainstem and tributaries within the TMDL subwatersheds. The cross
section database was reviewed and stream dimension data deemed representative of the
reach as a whole was incorporated into the model. Stage-discharge relationships were
estimated using Mannings equation.

3.2.2 Meteorological Data

Most of the meteorological data used by the model, except precipitation, was collected at
the Piedmont Triad International Airport (PTIA), and obtained from the National
Climatic Data Center in Asheville, NC. PTIA is located approximately 3.4